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RADIATION IMAGE STORAGE PANEL AND PROCESS FOR THE PREPARATION OF THE SAME 



BACKGROUND OF THE INVENTION 



Held of the Invention 



The present invention relates to a radiation image storage panel employed in a radiation image 
recording and reproducing method utilizing a stimulable phosphor, and a process for the preparation of said 
panel. 



Description of the Prior Art 



For obtaining a radiation image, a radiation image recording and reproducing method utilizing a 
stimulable phosphor as described, for instance in U.S. Patent No. 4,239.968. has been proposed and 
T5 practically used. In the method, a radiation image storage panel comprising a stimulable phosphor {i.e 
stimulable phosphor sheet) is employed, and the method involves steps of causing the stimulable phosphor 
of the panel to absorb radiation energy having passed" through an object or having radiated from an object; 
sequentially exciting the stimulable phosphor with an electromagnetic wave such as visible light or infrared 
rays (hereinafter referred to as "stimulating rays") to release the radiation energy stored in the phosphor as 
20 light emission (stimulated emission); photoelectrically dectecting the emitteo light to obtain electric signals- 
and reproducing the radiation image of the object as a visible image from the electric signals on a recording 
material such as a photographic film or a display device such as CRT. 

According to this method, a radiation image is obtainable with a sufficient amount of information by 
applying a radiation to an object at considerably smaller dose, as compared with a conventional radiography 
25 employing a combination of a radiographic film and a radiographic intensifying screen. The method is of 
great value especially when the method is used for medical diagnosis. 

The radiation image storage panel employed in the above-described method has a basic structure 
comprising a support and a phosphor layer provided on one surface of the support When the phosptior 
layer is self-supporting, the support is not always necessary. Further, a transparent film of a polymer 
ao matenal is generally provided on the free surface (surface not facing the support) of the phosphor layer to 
keep the phosphor layer from chemical deterioration or physical shock. 

The phosphor layer generally comprises a binder and a stimulable phosphor dispersed therein The 
stimulable phosphor emits light (gives stimulated emission) when excited with an electromagnetic wave 
(stimulating rays) such as visible light or infrared rays after having been exposed to a radiation such as X- 
35 rays. Accordingly, the radiation having passed through an object or radiated from an object is absorbed by 
the phosphor layer of the panel in proportion to the applied radiation dose, and a radiation image of the 
object IS produced in the panel in the form of a radiation energy-stored image. The radiation energy-stored 
image can be released as stimulated emission by sequentially irradiating the panel with stimulating rays 
The stimulated emission is then photoelectrically detected to give electric signals, so as to reproduce a 
40 Visible image from the electric signals. 

The radiation image recording and reproducing method is very useful for obtaining a radiation image as 
a visible image as described hereinbefore. It is desired for the radiation image storage panel employed in 
the method to have a high sensitivity and provide an image of high quality (high sharpness, high graininess 
etc.). as well as the radiographic intensifying screen employed in the conventional radiography. 

The sensitivity of the radiation image storage panel is essentially determined by the total amount of 
stimulated emission given by the stimulable phosphor contained therein, and the total emission amount 
vanes depending upon not only the emission luminance of the phosphor ger se but also the content of the 
phosphor in the phosphor layer. The large content of the phosphor also results in the increase of absorption 
of a radiation such as X-rays, so that the panel has a higher sensitivity and provides an image improved In 
quality (especially graininess). On the other hand, when the content of the phosphor is the same, the panel 
provides an image of high sharpness as the phosphor layer is charged densely therewith, because the 
phosphor layer can be made thin to reduce the spread of the stimulating rays owing to the scattering. 
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The phosphor layer has been usually formed by adding stimulable phosphor particles and a binder to 
an appropriate solvent to prepare a coating dispersion and then applying the coating dispersion onto a 
oh^c°!! °7 * ^ ^"^^"^ ""^^ ^""^ ^ ^ ^^^^ a roll coater to dry. The formed 

s ?ornnn??nnT' ^'"'^^^ ^'^ stimulable phosphor dispersed therein has a relative density 

5 (proporton by volume of the phosphor occupying the phosphor layer) limited to approx. 60 % Further 

S^^m IS ."l^r If ''^''"^ "'"'^"^ ^ ""'"'^^ °^ '^•"'les. the stimulating'rays and 

the emitted light tend to scatter. ** / «•« 

iarJ«L"'"'®^^.?l'?'"®"* phosphor in the phosphor layer without making the thickness thereof 

,n S«H ; 'ncreasing the relative density of the phosphor layer), there has been knwon a 

10 mettiod of compressing a phosphor layer (or a phosphor layer and a support) using a compression means 
hafthl l!f "'7 °' ! "^^^ "^"^ 568.416). The obtained 'phosphoMaye 

IL fh- J '"''^^ P'^°^P'^°^ P^'^'^'^s *an the conventional one in L 

of re ^n^r; T^' ^ ^'^^ compression and it is apt to lower the sen L.t^ 

of the panel (refen-ed to as "pressure desensitizing"). 

" th.r» !Jh ^ T?"* ^ phosphor layer which coritains no binder but a stimulable phosphor only 

ohosohof and n "^Tl that a temporary storage medium comprises a hot pressed 

Smh:. 11 o«f f "f ^ Provisional Publication No. 61(1986)-73100 (the amendment filed on 

b!?rSn u Japanese Patent Application No. 59(1984)-1963S5) that a phosphor layer is formed 

by a firing process. However, both the description merely indicates that the hot press process and L fihng 

20 process can be employed to form the phosphor layer. ^ 
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SUMMARY OF THE INVENTION 

the sensiiviw f nl!f/''^?"ll"''^"*"'" *° ^"'''^^ ' ""^9^ P^^' is enhanced m 

tne sensitivity and a process for the preparation of the same. 

It is another object of the present invention to provide a radiation image storage panel which aives an 

"Tirr;:! " TI'- rr'^'^ ^"^^ ^ P™^^«^ » prepaSioTof the S^ne 

hinh Inc t T w P'®^®"' *° P''°^^^ ^ ""396 Storage panel which has a 

sSe ' ^ ^"^^ ^" ^^^^ ""'""'^'^ sharpness, and a pro^ss for the prepataian oTme 

The present invention provides: 
[1] a radiation image storage panel having a phosphor layer which comprises a stimulable pheephor 

^s^of n^nerr^cST """^^ ™' °' ' ^'""^^^ ^^"^"'^^'^ ' ^'S:^ 

nnm..-' ^ L'?'" ^® Preparation of a radiation image storage panel which has a phosphor layer 

compnsing a stimulable phosphor, which comprises steps of molding a phosphor layer-fomiing maS 
containing a stimulable phosphor into a sheet and sintering the molded product to fomi a phosphor l7yer 
cr^JSJTT^^, 5' ! P'!P^^3«°" °f « radiation image storage panel which has a phosphor layer 
composing a stimulable phosphor, which comprises steps of molding a phosphor layer-forming material 

product n a liquid containing a colorant capable of absorbing at least a portion of stimulating rays for he 
stimulable phosphor to form a colored phosphor layer; ^ 
comnrEirf i"^^®*f I?' P'-^Paration of a radiation image storage panel which has a phosphor layer 
compnsing a stimulable phosphor, which comprises steps of molding at least two phosphor layer-forr^fno 
Ht f sTh ^-"'ab'e phosphors of mean diameters different from each Sther'into IZu^yi 

phosphor, and sintering the molded product to form a phosphor layer composed of at least two layers the 
relative density of each layer becoming large in the direction perpendicular to the panel plane; ^d 

„ .'^^ ^ P'^^'^^f ^'^e preparation of a radiation image storage panel which has a phosphor layer 

compnsing a stimulable phosphor, which comprises steps of molding at least two phosphor layepJormfng 

avLr Snno«H f . T 1' ' ° -'^V^^ ^^^^^t, and sintering the molded product to fomi a phosphor 

ss XnTu'l^Mo palTpla": ^^'""^ ^^"^'^ °' ^^^^ '^^^ '^^^ 

occuZX ^Ch^rCXrwre"^^^^^^^^^^^^^^ °^ ^ ^ ^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is cross-sectional views showing embodiments of the radiation image storage panel according 
to the present invention. 

5 Fig. 2 graphically shows a relationship between the relative density and the sharpness with respect to 

the radiation image storage panels according to the present Invention (measured points 1 to 5) and the 
conventional radiation image storage panel (measured point 6). 

Fig. 3 graphically shows a relationship between the relative density and the realative sensitivity with 
respect to the radiation image storage panels according to the present invention (measured points 1 to 5) 
10 and the conventional radiation image storage panel (measured point 6). 

Fig. 4 graphically shows a relationship between the relative sensitivity and the sharpness with respect 
to the radiation Image storage panels according to the present invention (measured points 1 to 4) and the 
radiation Image storage panels for comparison (measured points 5 and 6). 

Rg. 5 graphically shows relationships between the thickness of the phosphor layer and the sharpness 
75 with respect to the radiation image storage panels according to the present invention (curves 1 and 2) and 
the radiation image storage panels for comparison (curves 3 and 4). 

Rg, 6 graphically shows relationships between the relative sensitivity and the sharpness with respect 
to the radiation Image storage panel according to the present invention (curve 1) and the radiation image 
storage panels for comparison (curves 2 and 3). 
20 Rgs. 7 to 9 are photographs showing partial cross-sections of the phosphor layer of the radiation 

Image storage panel according to the present invention, which are observed under a scanning electron 
microscope. 



25 DETAILED DESCRIPTION OF THE INVENTION 

In the present invention primarily, a phosphor layer of a radiation image storage panel substantially 
consists of a sintered stimulable phosphor, having a relative density of not less than 70 % to charge the 
phosphor layer with the phosphor at a high density, whereby the sensitivity of the panel Is remarkably 
30 enhanced. 

The phosphor layer is basically formed by the process (sintering process) which comprises molding a 
phosphor layer-forming material containing a stimulable phosphor into a sheet and sintering the obtained 
molded product, to obtain a phosphor layer at a relative density of not less than 70 % consisting essentially 
of the phosphor. Ingredients (for example, a binder) other than the stimulable phosphor are not used in said 

35 process, and otherwise, even when the other Ingredients are used, they are fired out during the sintering 
procedure, to give a phosphor layer composed of only the phosphor. The phosphor is sintered and packed 
densely as a whole to give a phosphor layer of the high relative density. 

Accordingly, the phosphor layer obtained by the process of the invention does not contain the binder, in 
which air bubbles are reduced and the large amount of the phosphor exists, as compared with a phosphor 

40 layer at the same thickness which is obtained by the conventional coating process, so that the amount of 
the stimulated emission given by the phosphor layer is increased. The amount of a radiation absorbed by 
the phosphor layer is increased, which also brings about the increase of the emission amount to enhance 
the sensitivity. The reduction of air bubbles (pores) In the phosphor layer results in the decrease of 
scattering of emitted light so that the detection efficiency of the emitted light is increased and the panel 

45 has the higher sensitivity. 

Further, the thickness of the phosphor layer can be made smaller when the sensitivity of the panel of 
the invention is the same as that of the conventional panel, so that the panel of the invention can provide an 
image of high sharpness. Especially, the high sensitivity and the high sharpness are given to the panel 
when the phosphor layer thereof has a relative density in the specific range. 

50 The increase of the absorption amount of a radiation per a phosphor layer also results in reducing the 
quantum noise of the radiation, to give an Image of good graininess. 

In one aspect of the invention, the phosphor layer is colored with a specific colorant as well as charged 
with a stimulable phosphor at a high density, whereby the radiation image storage panel has the high 
sensitivity and provides an image improved in the quality. 

65 More in detail, the high packing density of the phosphor in the phosphor layer formed by the above- 
mentioned sintering process enables the phosphor layer to be thinner than the conventional one, and on the 
other hand, it results in making the mean free pass of stimulating rays therein longer. Scattered stimulating 
rays are spread widely to lower the sharpness of the image. Acconjing to the invention, the phosphor layer 
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is impregnated with a colorant capable of at least a portion of the stimulating rays, so that the stimulating 
rays scattered and spread in the panel are absorbed by the color and and the image quality such as 
sharpness can be prevented from lowering due to exciting the stimulable phosphor with the scattered 
stimulating rays. 

5 Further, the phosphor layer can be easily colored to a desired extent by immersing the sintered 
phosphor layer (sintered product) in a liquid of the colorant and drying it. The colorant exists in the parts of 
gram boundaries and/or pores, being adsorbed on the surface of the phosphor, so that the phosphor layer is 
colored unifonmly to give an image remarkably improved in sharpness. 

In addition, the colored phosphor layer can be easily prepared according to the process (second 
JO process} of the invention. 

Alternatively, a layer (sublayer) colored with the colorant, that is a colored layer, may be provided on 
on© side of the phosphor layer since the sintered phosphor layer has the much higher transmissivity for 
light such as the stimulating rays than the conventional one comprising a phosphor and a binder The 
stimulating rays scattered in the phosphor layer are efficiently absorbed by the colored layer and cut off to 
T5 improve the sharpness. 

Especially, the colored layer provided in the panel of the invention can contribute to the enhancement 
of the sharpness owing to the high transimissivity of the sintered phosphor layer, more than the colored 
subbing layer provided on the conventional coated phosphor layer. That is. as for the sintered ohosphor 
layer, colonng the layer adjacent thereto is prominently effective, although it has been known to color 
various layers constituting the panel such as a support, a phosphor layr. an intermediate layer and a 
protective film. 

Therefore, the radiation image storage panel of the invention can provide an image of higher sharpness 
than the conventional one when the sensitivity of both the panels is the same. On the contrary, the panel of 
the invention has higher sensitivity than the conventional one when the sharpness of the images provided 
25 thereby is the same. 

In another aspect of the invention, the phosphor layer has a multi-layer structure, the relative density of 
which becomes large for each layer gradually and vice verse, in addition to charging the phosphor layer 
densely with the phosphor by sintering, whereby the efficiency of excitation with the stimulating rays and 
the efficiency of detection of the emitted light are increased to enhance the sensitivity of the panel. 
30 In the formation of the phosphor layer, two or more of phosphor layer-forming materials which contain 
stimulable phosphors of particle sizes diHerent from each other are arranged in the order of the mean 
diameter of the phosphor contained therein. Otherwise, the phosphor-layer fonning materials which contain 
different kinds of additives from each other and/or contain additives in different amounts from each other 
are arranged, for instance, in the order of the amount of the additive contained therein. The grain growth 
(crystal growth) of the phosphor in the resulting phosphor layers is promoted, namely the phosphor layers 
are sintered to a high degree, gradually in the direction perpendicular to the panel plane. 

When reading out a radiation image from the panel, the in-adiation of stimulating rays and the detection 
of stimulated emission are carried out on the side of the phosphor layer which is highly sintered and has a 
high relative density. The phosphor layer nearer the read-out side of the panel is more densely packed and 
has the higher relative density, so that said phosphor layer has a high transmissivity for the stimulating rays 
and the emitted light. On the other hand, the phosphor layer farther from the read-out side of the panel has 
the lower relative density so as to more scatter the stimulating rays. Accordingly, the stimulating rays 
entenng the panel surface sufficiently reach the phosphor layer farthest therefrom (on the opposite side) 
and excite a lot of the phosphor, and the light emitted by said layer easily reaches the panel surface to be 
detected. The efficiencies of the excitation with the stimulating rays and of the detection of the emitted light 
are increased and the sensitivity of the panel can be further enhanced. 

In addition, plural phosphor layers are simultaneously formed by sintering according to the process 
(third and fourth processes) of the Invention, so that the panel can be easily prepared as compared with the 
case of fonning plural layers independently followed by combining them. The phosphor layers are bonded 
with a high adhesion owing to integrating them in the form of a sintered product, and have the higher 
transmisivity than said case because of requiring no additional layer such as an adhesive layer there- 
between. 

Embodiments of the radiation image storage panel of the present invention having the above-described 
advantages are shown in Fig. 1 . 
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Rgs. 1-a to 1-d are sectional views illustrating structures of the radiation image storage panel according 
to the invention. In Fig. i-a. the panel comprises a support 1, a sintered phosphor layer 2 and a protective 
fim 3. superposed in this order. In Rg. l-b. the panel comprises a sintered and colored phosphor layer 2' In 
Rg. 1-c. the panel comprises a support 1. a colored layer 4 and a sintered phosphor layer 2, superposed in 
this order. In Rg. 1-d. the panel comprises a support 1, a sintered phosphor layer 2 and a protective fim 3 
superposed in this order, and the phosphor layer 2 is composed of a layer 2a having a low relative densit)^ 
and a layer 2b having a high relative density. 

The above-mentioned embodiments are by no means given to restrict the panel of the invention and 
any structure can be applied to the panel of the invention as far as the phosphor layer is sintered For 
exarnple the phosphor layer may be composed of more than two layers and other additional layers such as 
a light-reflecting layer may be provided between the support and the phosphor layer. 

The radiation image storage panel of the present invention, for instance, by a process described below 
A phosphor layer which is the characteristic requisite of the invention, basically, consists essentially of a 
sintered stimulable phosphor and has a relative density of not less than 70 %. When the phosphor lavr is 
composed of two or more layers, the whole of the phosphor layer has an average relative density of not 
less than 70 %. 

The stimulable phosphor, as described hereinbefore, gives stimulated emission when excited with 
stinnulating rays after exposure to a radiation. From the viewpoint of practical use. the stimulable' phosphor 
IS desired to give stimulated emission in the wavelength region of 300 - 500 nm when excited with 
stimulating rays in the wavelength region of 400 - 900 nm. 

Examples of the stimulable phosphor employable in the radiation image storage panel of the present 
invention include: 

SrS:Ce,Sm. SrSrEu.Sm. ThOarEr, and LasOaSiEu.Sm, as described in U.S. Patent No 3 859 527- 
fri^^"o.^ ^^^•''AtaOsiEu. in which x is a number satisfying the condition of'o.s'^ x £ 10 and 
T * ^^'^ct^'^ fro'" the group consisting of Mg. Ca Sr 

zn, Cd and Ba, A is at least one element selected from the group consisting of Ce. Tb Eu Tm Pb Tt Bi 

flocnlo.^""^ - '^ ^ =^**^^'"9 t"^® condition of 0.5 S x £ 2.5. as described in U.S. Patent No. 

{Ba,.,.y.Mg,.Cay)FX:aEu2*. in which X is at least one element selected from the group consisting of Ct and 
Br, X and X are numbers satisfying the conditions of 0 < x + y 2 0.6 and xy * 0. and a is a number satisfying 
the condition of IQ-fi s a S 5x10-2. as described in Japanese Patent Provisional Publication No. 55(1980^ 

LnOX:xA. in which Ln is at least one element selected from the group consisting of La. Y. Gd and Lu X is 
at least one element selected from the group consisting of C£ and Br. A is at least one element selected 
from the group consisting of Ce and Tb. and x is a number satisfying the condition of 0 < x < 0 1 as 
descrrbed in the above-mentioned U.S. Patent No. 4,236,078; 

(Ba, x,M'',>FX^A in which M" is at least one divalent metal' selected from the group consisting of Mg Ca 
sr. zn and Cd, X is at least one element selected from ttie group consisting of Ct. Br and I A is at least 
one element selected from the group consisting of Eu, Tb, Ce, Tm. Dy, Pr, Ho, Nd, Yb and Er and x and v 
pZe^To^VSSS^ of 0 s X i 0.6 and 0 < y s 0.2. respectively, as described-in U.S^ 

t"'^!.^!)""."' '" '^^'''^ ^" ^^l®"^*®^ the group consisting of Ba, Ca. Sr Mg 

?o . ^' fr.^^ ^^f! «»"'P°""=' selected from the group consisting of BeO, MgO. CaO. SrO BaO 
ZnO. Al^ Yj03. LaaOs, InaOa. SiOj. TiOa, ZrOa, GeOz. SnOa, NbaOs. TaaOs and ThOa: Ln is at least one 
element selected from the group consisting of Eu. Tb, Ce. Tm. Dy. Pr. Ho. Nd. Yb. Er. Sm and Gd- X is at 
\lT.T%r^^"'^"l f 'fn^" ^'""^ consisting of Cl. Br and 1; and x and are numbers satisfying 

the conditions of SxlO"* £ x S 0.5 and 0 < y s 0.2. respectively, as described in Japanese pZJt 
Provisional Publication No. 55(1 980)-1 60078; H«"»e.o r-dieni 

(Ba,.„M"jF2.aBaX2:yEu.zA. In which M" is at least one element selected from the group consisting of Be 
Mg. Ca. Sr Zn and Cd; X is at least one element selected from the group consisting of Cl. Br and I- A is at 
east one element selected from the group consisting of Zr and Sc; and a. x. ^ and z are numbers satisfying 
ttie conditions of 0.5 S a S 1.25. 0 S x S 1. l0-« S y S 2x10"'. and 0 <z£w-2, respectively as described 
in Japanese Patent Provisional Publication No. 56(1 981 )-1 1 6777- pecBveiy. as aescnoea 

Ma' cf 7f.^ r!."'?' '"^T^'^'r ''^^ 9™"P '^''"Sisting of Be. 

Mg, Ca Sr. Zn and Cd; X is at least one element selected from the group consisting of CJt. Br and I- and a 
x. I and z are numbers satisfying the conditions of 0.5 S a S 0 S x S 1. 10-6 S y s 2x10-' and 0 < zS 
2x10 respectively, as described in Japanese Patent Provisional Publication No. 57(1 982)-23573- 
(Ba,.,.M x)Fj.aBaX2:yEu.zA. in which M" is at least one element selected from the group consisting of Be 
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Mg, Ca. Sr. Zn and Cd: X is at least one element selected from the group consisting of Cl, Br and I; A is at 
least one element selected from the group consisting of As and Si; and a, x, and 2 are numbers satisfying 
the conditions of 0.5 ^ a < 1.25, 0 < x ^ 1. 10"* ^ y :S 2x^0-\ and 0 < z < SxlO'S respectively, as 
described in Japanese Patent Provisional Publication No. 57(l982)-23675; 
5 M"'OX:xCe. In which M'" Is at least one trivalent metal selected from the group consisting of Pr. Nd. Pm. 
Sm. Eu. Tb. Dy, Ho. Er. Tm. Yb. and Bi: X is at least one element selected from the group consisting of Cl 
and Br; and x is a number satisfying the condition of 0 < x < 0.1, as described in Japanese Patent 
Provisional Publication No. 58(1983)-69281; 

Bai,xMx/2L x/2FX:yEu2+, in which M is at least one alkali metal selected from the group consisting of U, Na, 
70 K, Rb and Cs; L is at least one trivalent metal selected from the group consisting of Sc. Y. La. Ce. Pr* Nd. 
Pm. Sm. Gd. Tb. Dy. Ho. Er. Tm. Yb. Lu. Al. Ga. In and Tt; X is at least one halogen selected from the 
group consisting of Cl. Br and 1; and x and ^ are numbers satisfying the conditions of IO-2 ^ x ^ 0.5 and 0 
< y ^ 0.1 . respectively, as described in U.S. Patent Application No. 841 ,044; 

BaFX»xA:yEu2*. in which X is at least one halogen selected from the group consisting of Cl, Br and I; A is 
75 at least one fired product of a tetrafluoroboric acid compound; and x and ^ are numbers satisfying the 
conditions of 10-« ^ x < 0.1 and 0 < y ^ 0.1. respectively, as described in U.S. Patent Application No 
520,215; 

BaFX.xA:yEu2+, in which X is at least one halogen selected from the grouo consisting of Cl, Br and 1; A is 
at least one fired product of a hexafiuoro compound selected from the group consisting of monovalent and 
20 divalent metal salts of hexafiuoro silicic acid, hexafiuoro titanic acid and hexafiuoro zirconic acid; and x and 
I are numbers satisfying the conditions of ^0'^ ^ x S 0.1 and 0 < y ^ 0.1. respectively, as described in^U S 
Patent Application No. 502.648; 

BaFX^xNaX'raEu^"^. in which each of X and X' is at least one halogen selected from the group consisting of 
Ct. Br and I; and x and a are numbers satisfying the conditions of 0 < x :S 2 and 0 < a ^ 0.2, respectively. 

25 as described in Japanese Patent Provisional Publication No. 59(1 984)-56479; 

M"FX.xNaX':yEu2*:2A. in which M" is at least one alkaline earth metal selected from the group consisting of 
Ba. Sr and Ca; each of X and X' is at least one halogen selected from the group consisting of Cl. Br and I; 
A is at least one transition metal selected from the group consisting of V. Cr. Mn, Fe. Co and Ni; and x. y 
and z are numbers satisfying the conditions of 0 < x 5 2 and 0 < y ^ 0.2 and 0 < z ^ 10*2 respectively" as 

30 described in U.S. Patent No. 4,505.989; and 

M"FX.aM'X'.bM'"X>cM"'X- s^xAryEu^-, in which M" is at least one alkaline earth metal selected from the 
group consisting of Ba. Sr and Ca; M' is at least one alkali metal selected from the group consisting of Li. 
Na, K. Rb and Cs; M'" is at least one divalent metal selected from the group consisting ob Be and Mg; M'" 
is at least one trivalent metal selected from the group consisting of Al, Ga. In and Ti; A is at least one 

35 metal oxide; X is at least one halogen selected from the group consisting of Cl. Br and I; each of X', X'-and 
X- is at least one halogen selected from the group consisting of F, Cl. Br and i; a. b and c are numbers 
satisfying the conditions of0:Sa^2, 05b^ IO-2, 0 5 ci 10*2 and a + b + c ^"lO-^; and x and y are 
numbers satisfying the conditions of 0 < x 5 0.5 and 0 < y ^ 0.2. respectively, as described in^U.S Patent 
Application No. 857,512; 

40 M »X2»aM"X2:xEu2\ in which M " is at least one alkaline earth metal selected from the group consisting of 
Ba, Sr and Ca; each of X and X' is at least one halogen selected from the group consisting of Cl, Br and I, 
and X X'; and a and x are numbers satisfying the conditions of 0.1 ^ a ^ 10.0 and 0 < x ^ 0.2! 
respectively, as described in U.S. Patent Application No. 834,886; 

M"FX.aM' X':xEu2*. in which M" is at least one alkaline earth metal selected from the group consisting of 
45 Ba. Sr and Ca; M' is at least one alkali metal selected from the group consisting of Rb and Cs; X is at least 
one halogen selected from the group consisting of Cl. Br and I; X' Is at least one halogen selected from the 
group consisting of F. Cl. Br and I; and a and x are numbers satisfying the conditions of 0 < a ^ 4.0 and 0 
< x 5 0.2. respectively, as described in U.S. Patent Application No. 814.028; 

M'XrxBi. In which M' is at least one alkali metal selected from the group consisting of Rb and Cs; X is at 
50 least one halogen selected from the group consisting of Cl, Br and I; and x is a number satisfying the 
condition of 0 < x ^ 0.2, as described in U.S. Patent Application No. 846,919; and 

alkali metal halides described in Japanese Patent Provisional Publications No. 61{l986)-72087 and No 61- 
(1986)-72088. lu di 

The M"X2*aM"X'2:xEu2^ phosphor described in U.S. Patent Application No. 660.987 may further contain 
55 the following additives in the following amount to 1 mol. of M"X2«aM"X'2: 

bM» X-, in which M' is at least one alkali metal selected from the group consisting of Rb and Cs; X' Is at 
least one halogen selected from the group consisting of F. Cl, Br and I; and b is a number satisfying the 
condition of 0 < b ^ 10.0. as described in U.S. Patent Application No. 699,325; " 
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20 



25 



30 



Cl nr =„rtT.li'K J^ oat least one halogen selected from the group consisting of F 

AX;SfNo";27V7r" "'^'"^ °' ^ ^ ^ • - ^«-^WS. Patent 

« '£S:<^::t'7\^7^r''' "'^^'"^ °^ ° < ^ - ^-^ribed in U.S. Patent 

bSnX-2. in which X' is at least one halogen selected from the group consisting of F Ct Br and I- and h ic o 
bC?X-ll??"' condition Of 0 < b , lO- as described fn U.S. Pain App i^o No T97 971 " " " 

« r^t"nfL!2f H - ^""^ conditions Of 0 < b S 10.0 and IQ-e < c S lclO-2 

^efpectively, as described in U.S. Patent Application No. 850.715- and " ' 

it iTj^";"'' """""^ ^' '^^^ s^'^'^^ted from the group consisting of F CI Br and I- L n 

at least one rare earth element selected from the group consisting of Sc. Y. Ce Pr. Nd Sm Gd Tb Dy 

1 L10- ^l^n^rT , ' - TJ- """'""^^ ^•^^ -°"ditions Of 0 < b ^ 10 0 and 10-1^ < y s 

1.8x10 1. respectively, as descnbed in U.S. Patent Application No. 850 715 " ^ 

halidf Zphor' i^'lhTS^^^ ^'^^'-^ alkaline earth metal 

,.,^on„h.„%.i.'e7:rru,a*grr^j:jre'^^^^^^^ ^ ^ 

A dispersion containing stimuiable phosphor oartictes and a h.nH^r . 
stimulable phosphor particles and the hinripr ir« Lw^ ? employed. The 

» prepare a /sper^on rprr;hrJrr«rr^^^^^^ 



40 



45 



dioxane. ethylenTgiS mono^^^^^^ T^' ^'^^^^'^^ ^^'^^^^ -"^^ « 

so mentioned compoun^r ®*y'®"^ Slycol monoethyl ether; and mixtures of the above- 

hereina«er. GeneraSy.T ^ore^ J^^n LZ^:SlLriTr'£~^ TT 
by weight), preferably from 1 : 20 to 1 • 150 i • i to 1 . 300 (binder : phosphor. 

" thereTn^^JSTprofTe dTp^tinr^SttcU^^^^^^ ""^'^ °' ^'^^ '"^-P^- P-«^' ^ 

bic surface active agent. ^ ^ ''^^''^"^ ^'^^ ««P^°'= ^^^^ ^nd a hydropho- 



8 



0 253 348 



In the case that the phosphor layer-forming material is a powder material, a molding tool is charged 
with the powder material to mold the material into a sheet. In the case that the phosphor layer-forming 
ma enal is a dispersion, the dispersion is applied onto an appropriate substrate by a conventional coating 
method such as a method using a doctor blade to be molded into a sheet. Alternatively, the dispersion is 
introduced into the molding tool and molded into a sheet in the same manner as the case of the powder 
matenal. Examples of the substrate include plates of inorganic materials such as quartz, zirconia. alumina 
ana silicon carbide. 

During the molding procedure, the phosphor layer-fomiing material may be subjected to a compression 
treatment especially in the case of the powder material. The compression treatment is carried out for 
iv^St! Preferably applied with a pressure ranging from 

1x102 to^lxlO^ kg7cm2. The resulting phosphor layer is further en hanced in the relative density 

sintering procedure'"^''^' °^ ^"^^^ subjected to a 

The sintering is performed using a firing fumace such as an electric furnace. Temperature and time for 
the sintenng are determined according to the kind of the phosphor layer-forming material, the shape and 
mL H H \ !^ r P'^"^""^* °* *® employed stimulable phosphor. When the 

Tlrl IT '1'" * ^'"Prising the stimulable phosphor, the sintering temperature 

IS generally in the range of 500 to 1.000'C. preferably in the range of 700 to 950°C. The sintering time is 

a^n^nhLr*r "^"^1°' *° ® '"'"'^^^'"y ^^"9^ °f ^ '° 4 h°"r=- AS the sintering 

afrnosphere there can be employed an inert atmosphere such as a nitrogen gas atmosphere and an argon 

tZT^f^ T' °' ^ ""^^1 '^'^"'''"^ atmosphere such as a nitrogen gas atmosphere containing a small 
amount of hydrogen gas and a cartson dioxide atmosphere containing carbon monoxide 

When the molded sheet is made of the dispersion containing the stimulable phosphor and the binder or 
a dned film thereof, it is prefen-ed that the binder therein is previously vaporized at a relatively low 
Z^!?"'^ ^ ' ^^1^^ ^" '"^'^ atmosphere such as a nitrogen gas atmosphere and an argon g«s 
a mosphere or an oxidizing atmosphere such as an oxygen gas atmosphere and an air atmosph^ 
Successively, the phosphor is sintered under the above^lescribed conditions. Through the vaporization in 
!I J°'^ temperature range, the components other than the phosphor such as the binder are vaporirad or 
tn?.iroHf T , ^'^'"a^'sh as a carbonic acid gas to be removed from the molded sheet. "Rw tUne 
required for the low-temperature vaporization is preferably in the range of 0.5 to 6 hours 

The compression treatment may be carried out during the sintering procedure. That is. the molded 
the poS materiJ """^^ compression. This is particularly preferred when the molded sheet is made of 

.tr. Jt^^ Pfiosphor layer may be composed of two or more layers. The phosphor layer of a multi-layer 
structure can be formed as follows. ^ j layer 

««.h^lH«fl*^? phosphor layer-forming materials are prepared. It is required that the relative density of 
r^fto tJrr 'i ^^^r^^^^"^- ^'««ed oppositely) gradually in the direction perpendicu- 

Llrh .rir P ,K / "^^^'^^ °^ P^osPf^o^ '«y«rs should be enhanced for 

nhnlh r """""t®' °'' ^^^-^P'^- P'"ra' phosphor layer-forming materials which contain stimulable 
Sn dftf^rrt T^"r "^ITf^"^ ^'^ ^^"^^ P^^P^^^- °r f°^'"9 '"^terials which 

^th^mlSr K K ""'"^^ fr*"" Other, together 

with stimulable phosphors are prepared. . a = 

Ho..?® ^'T 9^°^^ °f the stimulable phosphor is generally accelerated to sinter the phosphor to a high 

Snlnt D TT°l l °^ P^''^'^^- temperature in the sintering procedure is 

constant Plural kinds of phosphor particles having mean diameters which vary within the range of 0 1 - 100 
iTm!!! «'^P'°y«^^/°'' e'^^'^P'e. two kinds of phosphor particles are employed, one having a mean 
diameter ranging 0.1 - 20 um and the other having a mean diameter ranging 1 • 100 wn 

sinJfnn hT"'^*"®. T^T' u ^'"^^^ ^ ^ ^'^^ ^^^^ree by using a suitable additive therewith. The 
smtenng degree of the phosphor can be controlled by the kind and the amount of the addKive employed 

nh!,!! r°-^''r''^:.'"'®" phosphor is a divalent europium activated alkaline earth metal fluorohalide 
phosphor having the following basic fonmula- 

M"FXa(Eu2* 

in which M« is at least one alkaline earth metal se lected from the group consisting of Ba. Sr and Ca: X is at 
coTdi«o7o^ oTx%^2?^^ ^"'"'^ "^"''^"^ °' ^"'^ ^"-^^ i ^ """"'^^ ^^^^'"9 ^he 

pror^ote^^ °^ ""^^ ''^""^ ^^'^^^ ^ ^'"^^'"^ ""^"^^^ ^ 9'^'" 9™*^ °* *he phosphor 
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The alkali metal halide is the compound having the formula: M'X (in which M' is at least one alkali matal 
selected from the group consisting of LI. Na. K, Rb and Ca; and X is at least one halogen selected from the 
group coslsting of F. Ct, Br and I), and NaX is preferably employed. The alkali metal halide is generally 
employed in an amount varying within the range 0.01 - 10 % by weight of the phosphor, preferably within 
the range of 0.05 - 3 % by weight. 

The means for preparing various phosphor layer-forming materials to graduate the sintering degree of 
the phosphor layers is not restricted by changing the particle size of stimulable phosphor and changing the 
kind or amount of additive. The additive is not restricted by the above-mentioned compound. Any other 
means is employed, provided that the the sintering degree of the phosphor layers varies. 

The phosphor layer-forming materials are generally prepared in the form of dispersions. Each of the 
dispersions is applied onto a substrate and dried to form a dried film (refen^ed to as "green sheet"), and 
then the green sheets are superposed and bonded by pressure to obtain a molded sheet of muiti-layer 
structure. The bonding pressure generally ranges from 1x10^ to 1x10* kg/cm^. Othen^^ise, all the dispersions 
may be simultaneously and superposedly applied on the substrate and dried to obtain a molded multi-layer 
sheet. The dispersions may be together -applied to form layers thereof simultaneously or may be applied 
one by one as fast as layers of the dispersions applied are not dried, and then the plural layers of the 
dispersions are together dried. 

Powder materials comprising stimulable phosphor particles can be also employed. The powder 
materials are charged into a molding tool one after another to obtain a molded multi-layer sheet. In the case 
of a combination of dispersions and powder materials, for example, the powder materials are charged into 
the molding tool and subsequently the dispersions are poured thereinto. Otherwise, the dispersions are 
applied onto a substrate to fomn a green sheet and subsequently the powder materials are molded into a 
sheet thereon using the molding tool. 

In the above-mentioned molding methods, the phosphor layer-forming materials are arranged in such an 
order that the grain growth of the stimulable phosphor contained therein is accelerated in the sintering 
procedure. For example, the forming materials are an-anged in the order of the mean diameter of the 
phosphor. Othenwise, the forming materials are an-anged in the order of the amount of the additive, or in 
such a manner that the material containing the additive is next to that containing no additive, or in the order 
of the capability of the additive to promote the grain growth. 

The molded multi-layer sheet is then sintered under the above-mentioned conditions. The sintering is 
preferably conducted settling the molded sheet and keeping breathability thereof in order to prevent the 
deformation such as warpage and crook of the molded sheet during sintering. 

The part of the molded sheet which contains the stimulable phosphor particles of the relatively small 
diatmeter has the grain growth thereof promoted and is to have a high density. The part which contains a 
mixture of the divalent europium activated alkaline earth metal fluorohaiide phosphor (M"FX:xEu2+) and the 
alkaline matal halide (M 'X) also has the grain growth thereof promoted to have a high density. M'X forms a 
solid solution together with the phosphor in the sintering procedure to remain in the sintering product. 

The relative density of thus obtained sintered product (phosphor layer) is determined theoretically by 
the following formula (I): 
VpA/ = aA/(a + b)bxV(l) 
in which each symbol is as follows: 
V: whole volume of phosphor layer. 
Vpi volume of phosphor, 
A: whole amount of phosphor layer, 
bx : density of phosphor, 
a: weight of phosphor, and 
b: weight of binder. 

In the present specification, the relative density of the phosphor layer means a value calculated by the 
formula (I). In the formula (I) b can be taken as O, since the binder hardly exists in the sintered phosphor 
layer. The relative density of the phosphor layer is required to be not less than 70 %. From the viewpoint of 
the sensitivity and the sharpness, the relative density thereof is preferably in the range of 70 to 97 %, more 
preferably in the range of 75 to 90 %. In the case of the phosphor layer of a multi-layer structure, the 
average relative density of the whole phosphor layer satisfied said ranges. 

The grain boundary size of the phosphor is preferably in the range of 1 to 100 um. 

The thickness of the phosphor layer(s) varies depending upon the characteristics of an aimed radiation 
image storage panel, etc. Generally, the thickness thereof is in the range of 20 um to 1 mm. preferably in 
the range of 50 to 500 um. 

Further, the phosphor layer(s) (sintered product) may be subjected to a coloring procedure. 
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40 



45 



50 



55 



colorant preferably has such reflection chaTacS S ll T'l *° "^^ 

stimulation wavelength of the stimulable phosX is owfr San T? °^ 

5 the em.ssion (stimulated emission) wavelenK rstSable nZ^T ^^9'°" 
sharpness of the resultant image, it is desiredw^at thprnfl !. P^'osphor. From the viewpoint of the 
stimulation wavelength is as lot as PossiSf On tlTo^^^^^^^^ ^^9'°" °^ the 

panel, it is desired that the mean reflectani of the c^toLl in t'h T'''^'"* °' ^^"^'«^'*V °^ «^ 

h.gh as possible. The term "refiectanc^userh^Iril? 'T" °' ^ 
« Integrating-sphere photometer " ""^^"^ ^ reflectance measured by use of an 

• -ag^srS Vn:^^^^^^^^ P^-^or employed in the radiation 

simulated emission in the vvavelengthTgU oTST 500 nl t ""'^ ""^^''^^ ^ S'^'e 

wavelength region of 400 -900 nm as menttoned aTove Em^^^^^^^^ """"'^""^ 
« colorant having a body color ranging from blue "o oree^' so^h^? '"f ' "'"""'"'"^ P'^^^P'^"^ « 

of the stimulation wavelength of the phosphor ,s owerS^;n 1 reflectance thereof in the region 

emission wavelength of the Phosphor aS the d^eZcrtTp^LT! ^^"^^^^^^ '"^^'^^^ the region of the 

Examples of the colorarrt having a boX co^rrTnl. / " '^'^^ ^ P^^^'^'e- 

in «je invention include the coloranfs discfosS n U ? St Tno A^l^^^^^^^^^^ "'^ 
20 as Van Fast Blue. Zapon Fast blue 3G (available from iSIrhl Ar^ = i . '=°'°''^"ts such 

Sumitomo Chemical Co.. Ltd.). Sumiacry? C F-S^r^^^^^^^^^ ^'"^ N-3RL (available from 

Blue No. 1 (available from National SnTsoiTLT^lTJ'°T ^'^^'"''^^ ' ^ & C 

Blue No.603 (available from Orient Co Ud i S r ?, ^'^ ^""^ Hodogaya Chemical Co.. Ltd) Oil 
OLH (available from HodogayrcLmf^al^c^^ Qd l^L^ R^'f ^J'^"^ Ciba-Geigy). Aizen Cathilon Blue 
2S Ltd.). Rodalin Blue 6GX (available from Kyow^' s^^.^Co Ltd'. T '''"""^ ^^9^° Co.. 

Sangyo Co.. Ltd.). Brillacid Green SBH (aSbte from Sodnnl^' ^"^J'^".^^"'''^ ^GX (available from Inahata " 
(available from Toyo Ink Mfg. Co.. Ltd ISnTBhTsf T/^f k, ^^^"'"^ Blue BNRS 

Rke: and inorganic colorants such as u irSne bTu/ c^^^^^^ ''""^ .^"^^ '""^ "^^S- ^0- Ltd.). and the 
2nO-CoO-NiO pigment, and the like '=°''a't blue, cerulean blue, chromium oxide. TlOr 

^.s"^2Tc^::t^i^^^^^^ Trgarretirr '-^'-^^ ^---^^ 

24411. No. 23160. No. 74180. No. 74200 No 'slio No aS'^'^'L'^""*^ '^^'"^ Color Index No. 
15050. No. 15706. No. 15707. No. 17941 No' 74^0 N« S "^^^ 2^401. No. 14880. No. 

74140. No. 74380. No. 74350. No. 74460 and the^S ' '^^^0. No. 11836. No. 

are tr^^^c "arcTmZlS^ ^ ^^^^^^^^^^ ^ P-cula.y preferred 

or dispersed in a'n ap^r^^t "o,^^^^^^^^^ 

solvent can be selected from those emp.oyabre fn the SosohoM, " T ^'^'^''^"^ °' 
colorant the sintered product is then immersed in a shoroerS f ^""'"^ "^"'^ °' 

mmutes) and dried. When the molded sheet iJ fon^i on tn to several 

thereof is colored after separating it from me suSate OnfA' "''f" ^'"^^^^^ Product 

and thus, the colorant stably remains \nLnt^n^ T ^ ^''^ evaporated during the dryino 

adsorbed on the surface of thTThosoror Th. ^°r'"^'!f ^^^'^^ the pores of the sintered product, be no 
condoned by Changing the corcemrSS the -"tered product can be suSaS 

Generally, the mean reflflrtanoo^^i the immersing time. 

ayer .xcept to, taing „„eok«d m m,^™ "o * t?2"L "^T" «>'"''»l««> « Phosphor 
the region o, B,e o,„i.sio„ ^„,te„g^ ™ ower ml^ 30 ""^ P'««Ph" " 



30 



35 
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The colored layer (colored sublayer) can be formed on the phosphor layer by the following procedure: 
The above-mentioned colorant and a binder are added to an appropriate solvent and they are sufficiently 
mixed to prepare a coating dispersion (or solution) which com prises the colorant dispersed or dissolved in 
a binder solution. The binder and the solvent can be selected from those employable in the phosphor layer- 
5 forming material. 

The ratio between the binder and the colorant in the coating dispersion is generally in the range of 10 : 
1 to 1 0S : 1 (binder : colorant, by weight) in the case of a dye colorant. The ratio therebetween is generally 
in the range of 1 : 10 to 10^ : 1 (binder : colorant by weight) in the case of a pigment colorant. 

The coating dispersion may further contain a light-reflecting material such as Ti02 or ZrOi or a light- 
10 absorbing material such as carbon black. In the former case the resulting colored layer also serves as a 
light-reflecting layer, while in the latter case the colored layer also serves as a light-absorbing layer. 
Otherwise, adhesive agents such as a polyacrylic resin, a polyester resin, a polyurethane resin, a polyvinyl 
acetate resin and ethylene-vinyl acetate copolymers may be employed as the binder, and the resulting 
colored layer also serves as an adhesive layer when providing a support on the phosphor layer as 
75 described hereinbelow. 

The coating dispersion is evenly applied onto the surface of the phosphor layer by a conventional 
method such as a method using a doctor blade, a roll coater or a knife coater, and subsequently the layer 
of the coating dispersion was heated to dryness to form a colored layer. The thickness of the cojored layer 
is generally in the range of 3 to 50 um. 
20 The mean reflectance of the colored layer in the region of the stimulation wavelength is not higher than 
95 % of the mean reflectance of a layer equivalent to said layer except for being uncolored in the same 
region. The mean reflectance of the colored layer in the region of the emission wavelength is not lower than 
30 % of the mean reflectance of a layer equivalent to said layer except for being uncolored in the same 
region, and preferably not lower than 90 % thereof. 
25 In the radiation image storage panel of the invention, one or more layers constituting the panel other 
than the phosphor layer and/or the layer adjacent thereto, for example, a support and a protective film, may 
be further colored with the same colorant as employed for coloring said layers. 

One surface of the phosphor layer (the surface of the phosphor layer having the low relative density, in 
the case of the plural phosphor layers) may be provided with a light-reflecting layer, to enhance the 
30 sensitivity. The light-reflecting layer is a layer comprising a light-reflecting material. 

Examples of the light-reflecting material include white pigments such as AI2O3. Zr02, TtOs. BaS04, SiOa. 
ZnS, ZnO, MgO. CaCOa, SbaOa. NbzOs. 2PbG03*Pb(OH)2. M"FX (wherein M" Is at least one element 
selected from the group consisting of Ba, Ga and Sr; and X is Cl and/or Br), lithopone (BaSO^ + ZnS). 
magnesium silicate, basic lead silicosulphate, basic lead phosphate and aluminum silicate. Among these 
35 materials, preferred are AI2O3, Zr02. Ti02. BaSO^. Si02, ZnS. ZnO and M"FX (wherein M"and X have the 
same meanings as defined above). The light-reflecting materials may be employed singly or in the 
combination of two or more of them. 

The light-reflecting layer can be formed on the phosphor layer by the following procedure: The light- 
relfecting material and a binder are added to an appropriate solvent and they are sufficiently mixed to 
AO prepare a dispersion, or a powder material consisting of the light-reflecting material is prepared. The binder 
and the solvent can be selected from those employable in the phosphor layer-forming material. The ratio 
between the binder and the light-reflecting material in the dispersion is generally in the range of from 1 ; 1 
to 1 : 300 (binder : material, by weight), and preferably in the range of from 1 : 20 to 1 : 150 by weight. The 
dispersion may further contain a dispersing agent. Then, the dispersion or the powder material is molded 
45 into a multi-layer sheet together with the phosphor-layer fonming material{s) and the molded sheet is 
sintered in the same manner as that in the formation of the phosphor layers. In the molding, when using the 
plural phosphor layer-forming materials, the dispersion or the powder material is arranged on the side of the 
forming material in which the grain growth of the phosphor is less promoted. 

The sintered light-reflecting layer and the sintered phosphor layer(s). being integrated, are formed at the 
so same time. The thickness of the light-reflecting layer is preferably in the range of from 5 to 100 um. 

Alternatively, the light-reflecting layer may be fomied on the phosphor layer or a support described 
below by applying the dispersion thereon. 

One surface of the phosphor layer (or the colored layer or the light-reflecting layer) may be provided 
with a support. In th case of the plural phosphor layers, the support is provided on the surface of the 
55 phosphor layer having the lower relative density. 
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A support material employable in the invention can be selected from those employed in the conven- 
tional radiographic intensifying screens or those employed in the known radiation image storage panels. 
Examples of the support material include plastic films such as films of cellulose acetate, polyester, 
polyethylene terephthalate. polyamide. polyimide, triacetate and polycarbonate; metal foils such as alu- 

5 minum foil and aluminum alloy foil; metal sheet: ceramic sheet; ordinary papers; baryta paper; resin-coated 
papers; pigment papers containing titanium dioxide or the lilce; and papers sized with polyvinyl alcohol or 
the like. The support may contain a light-absorbing material such as carbon black, or may contain a light- 
reflecting material such as T1O2. The former Is appropriate for preparing a high-sharpness type panel, while 
the latter is appropriate for preparing a high-sensitlvity type panel. 

10 One or more additional layers are occasionally provided between the support and the phosphor layer. 
For instance, a subbing layer or an adhesive layer may be provided by coating the support with a polymer 
material such as gelatin to enhance the adhesion therebetween, A light-absorbing layer containing a light- 
absorbing material such as carbon black may be provided on the support to improve the image quality 
(sharpness and gralniness). The phosphor layer-side surface of the support (or the surface of an adhesive 

75 layer, etc. in the case that such layer is provided on the surface of the support) may be provided with 
protruded and depressed portions for enhancement of the sharpness, as described in U.S. Patent 
Application No. 496.278. 

The support is provided on the phosphor layer by coating a surface of the support with an adhesive 
agent and fixing the phosphor layer thereon. Alternatively, the folded sheet may be placed on the support 

20 and then sintered so that the support can then be provided at the same time as the phosphor layer is 
formed. When forming the molded sheet by coating, a support may be employed as the substrate. In these 
cases, the coloring of the phosphor layer is performed by immersing the support having the sintered 
product in the colorant liquid. 

When the colored layer is provided between the support and the phosphor layer, the colored layer is 

25 formed on the support by coating and then the phosphor layer is fixed thereon by an adhesive agent 
Otherwise, the coating dispersion for the colored layer which contains an adhesive agent is applied on the 
support and then the phosphor layer is directly fixed on the layer of the coating dispersion. 

On the other surface of the phosphor layer (the surface of the phosphor layer having the higher relative 
density, in the case of the plural phosphor layers), a transparent protective film may be provided to protect 

30 the phosphor layer physically and chemically. 

The transparent protective film can be formed on the phosphor layer by coating the surface of the 
phosphor layer with a solution of a transparent polymer such as a cellulose derivative (e.g. cellulose acetate 
or nitrocellulose) or a synthetic polymer (e.g. polymethyl methacrylate, polyvinyl butyral, polyvinyl formal, 
polycarbonate, polyvinyl acetate, or vinyl chloride-vinyl acetate copolymer), and drying the coated solution. 

35 The protective film can be also provided on the phosphor layer by beforehand preparing a film for forming a 
protective film from a plastic sheet made of polyethylene terephthalate. polyethylene, polyvinylidene 
chloride or polyamide; or a transparent glass sheet, followed by placing and fixing it onto the phosphor 
layer with an appropriate adhesive agent. The protective film preferably has a thickness within the range of 
approx. 0.1 to 20 urn. 

40 Alternatively, the protective film may be formed together with the phosphor layer by sintering an 
inorganic material such as oxide (e.g. Si02. AX2O3). fluoride (e.g. MgFz) or carbide (e.g. SiC) with the 
phosphor-layer forming material(s) in the same manner as that in the formation of the phosphor layers. The 
protective film may be provided on the phosphor layer by depositing said material thereon or by melting a 
low-boiling inorganic material under heating thereon to make a film. 

45 The following examples further illustrate the present invention, but these examples are understood to by 
no means restrict the invention. 



Example 1_ 

50 

Divalent europium activated barium fluorobromide (BaFBrrO.OOlEu^*) phosphor particles were charged 
into a metal mold and compressed to obtain a molded sheet. The compression was done by means of a 
press molding machine (at pressure of 1x10^ kg7cm2 and at 25 •'C). 

Subsequently, the molded sheet was placed in a high-temperature electric furnace and sintered. The 
55 sintering was carried out at 750 ^'C for 1.5 hours in a nitrogen gas atmosphere. After the sintering, the 
sintered product was taken out of the furnace and allowed to stand for cooling, to form a phosphor layer 
consisting of the phosphor and having a thickness of 250 um. 
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A polyethylene terephthaiate sheet containing carbon black (support, thickness: 250 urn) was coated 
with a polyester adhesive agent and bonded to one surface of the phosphor layer through the adhesive 
agent. 

On the other surface (surface not facing the suport) of the phosphor layer was placed a transparent 
polyethylene terephthaiate filnn (thickness: 12 urn, provided with a polyester adhesive layer on one surface) 
to combine the transparent filnn and the phosphor layer with the adhesive layer. 

Thus, a radiation image storage panel consistifig essentially of a support, a sintered phosphor layer and 
a protective film was prepared (see, Rg. 1-a). 



Examples 2 to 6 

The procedure of Example 1 was repeated except for changing the molding and sintering conditions to 
molding pressure and sintering temperature set forth in Table 1. to prepare various radiation image storage 
- panels consisting essentially of a support, a sintered phosphor layer and a protective film. 



Table 1 



Pressure Sintering Temperature 

(kg./cm^) (^c) 



2 


103 


850 


3 




950 


4 


3x10^ 


750 


5 


3x10^ 


850 


6 


3x10^ 


950 



Example 7 

To a mixture of divalent europium activated barium fluorobromide (BaFBr:0.001 Eu^*) phosphor particles 
and an acrylic resin was added methyl ethyl ketone to prepare a dispersion containing the phosphor 
particles and the binder in the ratio of 20 : 1 (phosphor : binder, by weight). The dispersion was sufficiently 
stirred by means of a propeller agitator to obtain a homogeneous coating dispersion having a viscosity of 
35 - 50 PS (at 25 »C). 

Subsequently, the coating dispersion was evenly applied to a Teflon sheet placed horizontally by using 
a doctor blade. After the coating was complete, the Teflon sheet having the coating dispersion was placed 
in an oven and dried at a temperature gradually rising from 25 to 100«C. The coated layer (dried film) was 
separated from the Teflon sheet and placed on a quartz plate. The quartz plate having the film was placed 
in a high-temperature electric furnace to perform vaporization of the binder and sintering of the phosphor. 
The vaporization of the binder was carried out at 40Q«C for 4 hours in air and then, the sintering of the 
phosphor was carried out at 850«C for 2 hours in a nitrogen gas atmosphere. The sintered product was 
taken out of the furnace and allow d to stand for cooling, to obtain a phosphor layer consisting of the 
phosphor and having a thickness of 250 um. 

A polyethylene terephthaiate sheet containing carbon black (support, thickness: 250 um) was coated 
with a polyester adhesive agent and bonded to one surface of the phosphor layer through the adhesive 
agent. 
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On the other surface (surface not facing the support) of the phosphor layer was placed a transparent 
polyethylene terephthalate film (thickness: 12 urn, provided with a polyester adhesive layer on one surface) 
to combine the transparent film and the phosphor layer with the adhesive layer. 

Thus, a radiation image storage panel consisting essentially of a support, a sintered phosphor layer and 
a protective film was prepared. 



Example 8 

The procedure of Example 7 was repeated except that the coating dispersion was poured into a 
stainless mold placed on a Teflon sheet to obtain a molded sheet instead of applying the coating dispersion 
onto the Teflon sheet, to prepare a radiation image storage panel consisting essentially of a support, a 
sintered phosphor layer and a protective film. 



Comparison Example 1 

To a mixture of divalent europium activated barium fluorobromlde (BaFBr:0,001 Eu2-*-) phosphor particles 
and a linear polyester resin were added successively methyl ethyl ketone and nitrocellulose' (nitration 
degree:li.5 %), to prepare a dispersion containing the phosphor particles and the binder in the ratio of 20 : 
1 (phosphor : binder, by weight). Tricresyl phosphate, n-buthanol and methyl ethyl ketone were added to 
the dispersion and the mixture was sufficiently stirred by means of a propeller agitator to obtain a 
homogeneous coating dispersion having a viscosity of 25 - 35 PS (at 25 *C). 

Subsequently, the coating dispersion was evenly applied to a polyethylene terephthalate sheet contain- 
ing carbon black (support, thickness: 250 um) placed horizontally on a glass plate. The application of the 
coating dispersion was carried out using the doctor blade. After the coating was complete, the support 
having the coating dispersion was placed in the oven and heated at a temperature gradually rising from 25 
to lOCC. Thus, a phosphor layer having a thickness of approx. 250 urn was formed on the support. 

On the phosphor layer was placed a transparent polyethylene terephthalate film (thickness: 12 um. 
provided with a polyester adhesive layer on one surface) to combine the transparent film and the phosphor 
layer with the adhesive layer. 

Thus, a radiation image storage panel consisting essentially of a support, a phosphor layer and a 
protective film was prepared. 



Comparison Example 2 

The procedure of Comparison Example 1 was repeated to obtain a sheet consisting of a support and a 
phosphor layer formed thereon. The sheet was then compressed using the press molding machine (at 
pressure of 10 kg J cmz and at 25«C) to obtain a phosphor layer having a thickness of approx. 250 um on 
the support. 

On the phosphor layer was placed a transparent polyethylene terephthalate film (thickness: 12 um. 
provided with a polyester adhesive layer on one surface) to combine the transparent film and the phosphor 
layer with the adhesive layer. 

Thus, a radiation image storage panel consisting essentially of a support, a phosphor layer and a 
protective film was prepared. 



Comparison Examples 3 and 4 

The procedure of Comparison Example 2 was repeated except for compressing the sheet at pressure 
set forth in Table 2. to prepare various radiation image storage panels consisting essentially of a support, a 
phosphor layer and a protective film. 
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Table 2 



Pressure 
(kg./cm^) 



Comparison Example 3 .10 



4 3x10^ 



The radiation image storage panels prepared as above were determined on the relative density of the 
phosphor layer by calculating based on the aforementioned formula (I). The densities of the phosphor and 
the binder were 5.18 g./cm^ and 1.15 g./cm3. respectively. 

Then, the radiation image storage panels were evaluated on the sensitivity according to the following 
test. The panel was exposed to X-rays at voltage of 80 KVp and subsequently excited with a He-Ne laser 
beam (wavelength: 633 nm). to measure the sensitivity. 

The results are set forth in Table 3. 



Table 3 



Relative Density Relative Sensitivity 



(%) 


Example 1 


75 


104 


2 


80 


170 


3 


85 


141 


4 


85 


126 


5 


88 


148 


6 


88 


148 


7 


93 


175 


8 


90 


170 


Com. Example 1 


50 


100 


2 


60 


96 


3 


70 


89 


4 


80 


74 
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As IS evident from the results set forth in Table 3. the radiation Image storage panels prepared by the 
sintering process of the present invention (Examples 1 to 8) were remarkably enhanced in the sensitivity, as 
compared with the radiation image storage panel prepared by the conventional coating process 
(Comparison Example 1). The radiation image storage panels prepared by the known compression method 
5 (Comparison Examples 2 to 4) showed the even lower sensitivity than the panel prepared by the coating 
process (Comparison Example 1). 



10 



15 



20 



25 



30 



Examples 9 to 12 

The procedure of Example 7 was repeated except for changing the sintering conditions to sintering 
temperature set forth in Table 4, to prepare various radiation image storage panels consisting essentially of 
a support, a sintered phosphor layer and a protective film. 

Table 4 



Sintering Temperature 

(°c) 



Example 9 600 

10 650 

11 750 

12 950 



35 The radiation image storage panels prepared as above were determined on the relative density of the 
phosphor layer by calculating based on the aforementioned fomiula (I). 

Tnen. the radiation image storage panels were evaluated on the sensitivity according to the above- 
mentioned test and the sharpness of the image according to the following test. The panel was exposed to 
X-rays at voltage or 80 KVp through a CTF sharp and subsequently scanned with a He-Ne laser beam 

40 (wavelength: 633 nm) to excite the phosphor contained in the panel. The light emitted by the phosphor 
layer of the panel was detected and converted to electric signals by means of a photosensor 
(photomultiplier having spectral sensitivity of type S-5). From the electric signals, a radiation Image of the 
CTF chart was reproduced as a visible image by an image reproducing apparatus. The contrast transfer 
function (CTF) value of the visible Image was determined and the sharpness was evaluated by the CTF 

45 value at a spatial frequency of 2 cycle/mm. 

The results are shown in Figs. 2 and 3 and Table 5, together with the results of Example 7 and 
Comparison Example 1. 

Fig. 2 shows a graph in which the relative density Is plotted as abscissa and the sharpness is plotted as 
ordinate. Rg. 3 shows a graph in which the relative density is plotted as abscissa and the relative sensitivity 
so is plotted as ordinate. 

In each of Rgs. 2 and 3. measured points 1 to 5 (marked by O) indicate the results on the panels 
according to the present Invention (Examples 7. 9-12), respectively, and a measured point 6 (marked by 
X) indicates the result on the conventional panel (Comparison Example 1). The solid curve along the 
measured points 1 to 5 in Fig. 2 indicates a relationship between the relative density and the sharpness and 
ss that in Fig. 3 indicates a relationship between the relative densitiy and the relative sensitivity, with respect to 
the panel of the invention. 
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Table 5 



Relative Relative Sharpness 

Density {%) Sensitivity {%) 



70 



Example 9 70 140 35 

10 75 155 34 

11 88 168 33 
7 93 175 30 

12 97 171 22 

20 



Com. Example 1 50 100 38 

25 



As is evident from the results shown in Rgs. 2 and 3 and Table 5. the radiation image storage panels 
having the phosphor layer at the relative density of 70 - 97 % (Example 7, 9 - 1 2) according to the presejnt 
invetnion were remarkably enhanced in the sensitivity and not so lowered in the sharpness, as compared 
30 with the conventional radiation image storage panel (Comparison Example 1). Especially, the panels having 
the phosphor layer at the relative density of 75 - 90 % showed the high sensitivity and the high sharpness. 



Example 13 

35 

A dried film in the thickness of approx. 300 am was formed on a Teflon sheet using the coating 
dispersion of Example 7 in the same manner as described in Example 7. 

Subsequently, the dried film was separated from the Teflon sheet and placed on a quartz plate. The 
quartz plate having the film was placed in a high-temperature electric furnace to perform vaporization of the 
40 binder and sintering of the phosphor. The vaporization of the binder was carried out at 400 *'G for 4 hours in 
air and then, the sintering of the phosphor was carried out at 750 °G for 1.5 hours in a nitrogen gas 
atmosphere. The sintered product consisiting of the phosphor was taken out of the furnace and allowed to 
stand for cooling. 

Independently. Vari Fast Blue (V.F.B.) was dispersed in ethanol to prepare a dispersion of the colorant 
45 at a concentration of 0.3 mg./l. The sintered product was immersed in the colorant dispersion for 1 min., 
and then taken up therefrom and dried to obtain a colored phosphor layer having a thickness of 200 um. 

Thus, a radiation image storage panel consisting of a sintered and colored phosphor layer was prepared 
(see, Rg. 1-b). 

50 

Examples 14 to 16 

The procedure of Example 13 was repeated except for changing the concentration of the colorant 
dispersion to 3.0 mg./l. 30.0 mg./l and 300.0 mg7l, respectively, to prepare various radiation image 
55 storage panels consisting of a sintered and colored phosphor layer. 
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Comparison Example 5 

The procedure of Example 13 was repeated except for dispersing no colorant in ethanol (cone • 0 
^ mgyi). to prepare a radiation image storage panel consisting of a sintered phosphor layer. 

Comparison Example 6 

A dried (phosphor layer) in the thickness of approx. 200 um was formed on a Teflon sheet usino the 
10 coating dispersion of Example 7 in the same manner as described in Example 7. 

Thus, a radiation image storage panel consisting of a phosphor layer was prepared 
The radiation image storage panels were determined on the relative density of the phosphor layer bv 
calculating based on the aforementioned formula (I). The phosphor Ikyers of Examples 13 to 16 and 
7S Si"o^^ ir^^^ ^ '^'^'"'^ °^ ^""^ °* Comparison Example 6 had the relative 

Then, the radiation image storage pnales were evaluated on the sharpness of the image and the 
sensitivity according to the above-mentioned test. The results are shown in Fig. 4 and set forth in Table 6 
Rg. 4 shows a graph in which the relative sensitivity is plotted as abscissa and the sharpness is plotted 

nr. ^"'^^f -^^^ P^^"^^ 1 to ^ (n.a'-ked by O) Indicate the results on the panels according to the 

Ztn^T 'T ^^^P'^^ ' '^^^ respectively, and measured points 5 and 6 (marked by X) indicate the 
results on the panels for comparison (Comparison Examples 5. 6). respectively. The straight line along the 

^!n!!!I^.^ r'"*' \*°..u ^ relationship between the relative sensitivity and the sharpness with 

respect to the panel of the invention. 
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Table 6 



30 

Sharpness Relative Sensitivity 



35 



Example 13 43.6 142 

14 45.3 130 

15 47.5 120 

16 52.2 80 



4S 

Com. Example 5 42.1 



50 



146 



6 45.0 100 



tho ^'"'^^"1^'°'^ '■^^"'ts sl^o^" Fig- 4 and Table 6, all the radiation image storage panels having 
^e sintered and cdored phosphor layer according to the present invention (^mples 13 - 16) were 
remarkably enhanced m the sharpness, as compared with the radiation image storage panel having the 
55 sintered but uncolored phosphor layer for comparison (Comparison Example 5) 
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TO 



T5 



It was also evident that the panels according to the invention (Examples 13 - 16) provided images of 
higher sharpness than the known panel having the uncolored phosphor layer prepared by the conventional 
coating process (Comparison Example 6) when the sensitivity thereof was the same, and the panels of the 
invention had the higher sensitivity than the known panel when the sharpness was the same. 

Example 17 

A phosphor layer consisting of the phosphor and having a thickness of 200 urn was obtained in the 
same manner as described in Example 7. uuujmea m ine 

independently, a blue pigment (trade name: PB-lOO, available from Daiichi Kasei Co., Ltd.) an acrylic 
resin and methyl ethyl ketone were sufficiently mixed in the following composition using a ball mill to 
prepare a coating dispersion. ^ ^ ^ " ^° 

Composition of Coating Dispersion for Colored Layer 
Blue pigment 5 g. 

Acrylic resin 1 0 g. , 
20 Methyl ethyl keton 90 g. 

250 um^^'SS f P^^'f" ^^®"'y 2PP»ed to a polyethylene terephthalate sheet (support, thickness: 
250 um) placed honzontally by using the doctor blade and dried under heating, to fomi a colored layer 
having a thickness of 20 um on the support 

«nH?nnH^H?""^' P^o^'^^"^ °" S"PP°« vvas coatsd With a polyester adhesive agent 

25 and bonded to one surface of the phosphor layer through the adhesive agent. 

Thus, a radiation image storage panel consisting essentially of a support, a colored layer and a sintered 
phosphor layer was prepared (see. Fig. l-c). 

intoIHn f°''^?,n«"'^'' P™^®^"''® ^ePe^ted except for changing the thickness of the phosphor layer 
into 1 00 um and 300um. repectively. to prepare two kinds of .radiation image storage panels. 

Examples 18 



35 



f»J "'■^ f ^^'"P'^ ""^ ^^Peated except that a polyethylene terephthalate sheet containing 

titanium d,ox,de in the same thickness is used as a support and no colored layer is formed on the support 
phos^r'^l '""^^^ "^"^'^ consisting essentially of a support and a sintered 



40 Comparison Example 7 

..J^^H^'''''^'^"'^.''^ ^''^'^^'^ "^^^ '^P^^^^^ ^^^^ ^ phosphor layer is formed by applying the 

coating d.spers.on for a phosphor layer directly on the colored layer instead of sintering the dried film 

In^fH . ^'^^T 'u^^ ^^""^^ '^"^^^^^^^ '""^9^ ^^''^96 panels consisting essentially of a support a 
45 colored layer and a phosphor layer. ^uMPun. a 



50 



55 



Comparison Example 8 

contlhtnn'S"'; ^^-^P'^ 7 repeated except that a polyethylene terephthalate sheet 

containing titanium diox.de in the same thickness is used as a support and the coating dispersion for a 
phosphor layer ,s applied on the support without forming a colored layer thereon, to prepare three kinds of 
radiation image storage panels consisting essentially of a support and a phosphor layer 
..iJZ- '"'^f Pa"els were determined on the relative density of the phosphor layer by 

rltS ? f . 11 ^f°^«^«"''°"ed formula (I). The phosphor layers of Examples 17 and 18 had the 
relative density of 93 % and those of Comparison Examples 7 and 8 had the relative density of 50 % 

Then, the radiaton image storage panels were evaluated on the sensitivity and the sharpness" of the 
image according to the above-mentioned test The results are shown in Rgs. 5 and 6. '"^'P"^'' 
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Rg. 5 shows a graph in which the thickness of the phosphor layer is plotted as abscissa and the 
sharpness is plotted as ordinate. In Rg, 5, 

Curve 1: panel of the Invention having both the sintered phosphor layer and the colored layer 
(Example 17); 

Curve 2: panel of the invention having only the sintered phosphor layer (Example 18); 
Curve 3: known panel having both the coated phosphor layer and the colored layer (Com. Example 
7); and 

Curve 4r conventional panel having only the coated phosphor layer (Com. Example 8). 
Arrows W in Rg. 5 indicate the increase of the sharpness depending on the provision of the colored 
layer. 

Rg. 6 shows a graph In which the relative sensitivity is plotted as abscissa and the sharpness is plotted 
as ordinate. In Rg. 6, 

Curve 1: panel of the invention having both the sintered phosphor layer and the colored layer 
(Example 17); 

Curve 2: known panel having both the coated phosphor layer and the colored layer (Com. Example 
7); and 

Curve 3: conventional panel having only the coated phosphor layer (Com. Example 8). 

As is evident from the results shown in Rg. 5. the radiation image storage panel provided- with the 
colored layer according to the present invention (Curve 1) gave an Image remarkably enhanced In the 
sharpness, as compared with the panel provided with no colored layer (Curve 2). The enhancement of the 
sharpness depending on the provision of the colored layer was much greater in the panel having he 
sintered phosphor layer (the an-ow between Curves 1 and 2) than in the known panel having the coated one 
(the arrow between Curves 3 and 4). 

As is evident from the results shown in Fig. 6. the radiation image storage panel having the sintered 
phosphor layer and the colored layer according to the present invention (Curve 1) gave an image of higher 
sharpness than the conventional panel having the coated phosphor layer (Curve 3) when the sensitivity 
thereof was the same, and the panel of the invention had the higher sensitivity than the conventional p§nel 
when the sharpness was the same. In the same way, the panel of the invention was better than the known 
panel having the coated phosphor layer and the colored layer (Curve 2). 



Example 19 



divalent europium activated barium fiuorobromide phosphor particles (BaFBr:0.001Eu2*. peak diameter 
in particle size distribution: 6 um) were classified to obtain two kinds of phosphors having peak diametet^ ef 
4 um and 8 um in particle size distribution, respectively. To a mixture of each phosphor and an acrylic 
resin was added methyl ethyl ketone to prepare a dispersion containing the phosphor particles and the 
binder in the ratio of 20 : 1 (phosphor : binder, by weight). The dispersion was sufficiently stirred by means 
of a propeller agitator to obtain a homogeneous coating dispersion having a viscosity of 35 - 50 PS (at 
25 °C). 

Each of the coating dispersion was evenly applied to a Teflon sheet placed horizontally by using the 
doctor blade. After the coating was complete, the Teflon sheet having the coating dispersion was placed in 
an oven and dried at a temperature gradually rising from 25 to 100»C. The dried film in the thickness of 150 
um was separated from the Teflon sheet. The dried film containing the phosphor of the small particle 
diameter was superposed on the dried film containing the larger one and bonded by pressure of 100 
kg./cm2, to obtain a molded double-layer sheet. 

Subsequently, the molded sheet was placed and held on a quartz plate, and the quartz plate was 
placed in a high-temperature electric fumace to perform vaporization of the binder and sintering of the 
phosphor. The vapori zation of the binder was carried out at 400'C for 4 hours in air and then, the sintering 
of the phosphor was carried out at 850*»C for 2 hours in a nitrogen gas atmosphere. The sintered product 
was taken out of the furnace and allowed to stand for cooling, to obtain a phosphor layer composed of two 
layers which consists of the phosphor and has a total thickness of 250 um. 

A polyethylene terephthalate sheet containing carbon black (support, thickness: 250 um) was coated 
with a polyester adhesive agent and bonded to the lower surface of the phosphor layers through the 
adhesive agent. 

On the upper surface of the phosphor layers was placed a transparent polyethylene terephthalate film 
(thickness: 12 um. provided with a polyester adhesive layer on one surface) to combine the transparent film 
and the phosphor layer with the adhesive layer. 
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Thus, a radiation image storage panel consisting essentially of a support, two sintered phosphor layers 
and a protective film was prepared (see. Fig. 1-d: 1: support, 2a: phosphor layer consisting of the phosphor 
in the peak diameter of 8 urn, 2b: phosphor layer consisting of the phosphor in the peak diameter of 4 um, 
3: protective film). 

The obtained radiation image storage panel was observed under a scanning electron microscope and 
the phosphor layers were in the sintering state as shown in Rgs. 7 to 9. 

Rgs. 7 to 9 are photographs of partial cross-section of #ie phosphor layers along the direction 
perpendicular to the panel plane. Fig. 7 shows the lower phosphor layer 2a and the upper phosphor layer 
2b. Figs. 8 and 9 respectively show the lower layer 2a and the upper layer 2b, which are obtained by 
partially enlarging Rg. 7. 

It was confirmed from Rgs. 7 to 9 that the upper phosphor layer had the grain growth of the phosphor 
promoted remarkably and had the high relative density and that the lower phosphor layer had the grain 
growth thereof promoted less than the upper layer and was reduced in the relative density. 



Example 20 

The procedure of Example 19 was repeated except for using the phosphor (peak diameter in the 
particle size distribution: 6 um) before the classification to obtain a dried film in the thickness of 150 um. 
The same procedure was repeated except for using said phosphor and sodium bromide (NaBr) in an 
amount of 0.3 wt.% of the phosphor to obtain a dried film in the same thickness. Subsequently, the dried 
film containing NaBr was superposed on the other one and bonded by pressure, to obtain a molded double- 
layer sheet 

A radiation image storage panel consisting essentially of a support, two sintered phosphor layers and a 
protective film was prepared using this molded sheet in the same manner as described in Example 19 (see, 
Rg. 1-d; 1: support. 2a: phosphor layer consisting of the BaFBrrEu^* phosphor. 2b: phosphor layer 
consisting of the the BaFBr:Eu2+ phosphor and NaBr. 3: protective film). 

The obtained radiation image storage panel was observed under the scanning electron microscope. It 
was confirmed from the observation that the upper phosphor layer had the grain growth of the phosphpr 
promoted to have the high relative density and that the lower phosphor layer had the grain growth therdbf 
less promoted to have the relative density lower than the upper layer. 



Example 21 

The procedure of Example 19 was repeated except for using the phosphor (peak diameter in the 
particle size distribution: 6 um) before the classification to obtain a dried film in the thickness of 300 um. 
Subsequently, the dried film was compressed at pressure of 100 kg./cm2to obtain a molded sheet. 

A radiation image storage panel consisting essentially of a support, a sintered phosphor layer and a 
protective film was prepared using this molded sheet in the same manner as described in Example 19 (see 
Rg. 1-a). 

Then, the radiation image storage panels were evaluated on the sensitivity according to the above- 
mentioned test. The sensitivity is represented by a relative value on the basis of Example 21 being 100. 
The results are set forth in Table 7. 
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Table 7 



5 

Relative Sensitivity 



10 

Example 19 130 

20 110 

21 100 

75 



As is evident from the results set forth in Table 7. the radiation image storage panels having two 
sintered phosphor layers according to the present Invention (Examples 19 and 20) were enhanced in the 
sensitivity, as compared with the radiation image storage panel having one sintered phosphor layer 
(Example 21). 
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Claims 

1. A radiation image storage panel having a phosphor layer which comprises a stimulable phosphor, In 
which said phosphor layer consists essentially of a sintered stimulable phosphor and has a relative density 
of not less than 70 %. 

2. The radiation image storage panel as claimed in claim 1. in which said stimulable phosphor has a 
grain boundary size in the range of 1 to 100 um. 

3. The radiation image storage panel as claimed in claim 1, in which said phosphor layer has a relative 
density in the range of 70 to 97 %. 

4. The radiation image storage panel as claimed in claim 3. in which said phosphor layer has a relative 
density in the range of 75 to 90 %. 

5. The radiation image storage panel as claimed In claim 1 , in which said phosphor layer is colored wf!h 
a colorant capable of absorbing at least a portion of stimulating rays for the stimulable phosphor. 

6. The radiation image storage panel as claimed in claim 5. in which said colorant is a dye. 

7. The radiation image storage panel as claimed in claim 5, in which said phosphor layer is colored with 
such a colorant that the mean reflectance thereof in the region of stimulation wavelength of the stimulable 
phosphor is lower than the mean reflectance thereof in the region of emission wavelength of the stimulable 
phosphor. 

8. The radiation image storage panel as claimed in claim 1 , in which one surface of said phosphor layer 
is provided with a layer colored with a colorant capable of absorbing at least a portion of stimulating rays for 
the stimulable phosphor. 

9. The radiation image storage panel as claimed in claim 8, in which said layer is colored with such a 
colorant that the mean reflectance thereof in the region of stimulation wavelength of the stimulable phosphor 
is lower than the mean reflectance thereof in the region of emission wavelength of the stimulable phosphor. 

10. The radiation image storage panel as claimed in claim 1. in which said phosphor layer is composed 
of at least two layers and the relative density of each layer becomes large in the direction perpendicular to 
the panel plane. 

11. The radiation image storage panel as claimed in claim 10. in which each of said phosphor layers 
contains an additive of different kind and/or in a different amount including O from those of the other 
phosphor layers. 

12. The radiation image storage panel as claimed In claim 11. in which said phosphor layers are two 
layers, the stimulable phosphors in both the layers are divalent- europium activated alkaline earth metal 
fluorohalide phosphors and one of the layers contains alkali metal halide. 

13. The radiation image storage panel as claimed in claim 12. in which said alkali metal halid is 
contained in the phosphor layer in an amount of 0.01 - 10 % by weight of the phosphor. 
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aimalMing ray, in the wavelength region ol 400 - 900 nm " «» - 500 nm upon exaBOon witl, 

" ~o"SF~-— ^^^^^ 

or an oxicSzing atmS^e aS TeTfh^ 1 ['"^"^ '° '^^''^ ^" atmosphere 

- 1.000«C in an'inert atmoSer:' ^^^^^^^^^^ ^ ^-P-*- -9'n9 from 500 to 

compL'S^eri^ro'nS'^^^^^^^ ^^'^ -"^^-^ the molded product 

" activ^Jed^LreT^h^^^^^^^^^ ^^'^^ P^o^P'^or is a divalent europiom 

contaWa s/mTb^ p^hor into a sheeT^S^^^^^^^^^ Th'^"' layer-fon^ing material 

35 product in a liquid conta^inq ^00 0 Lt rrn^i/r/ T L ""^^"^ P™''"''* ^"'^ immersing the sintered 
stimulable pho^r to S'm^ coSXlS!^^^^^^^ '^^^ ^ P°^- °^ ««-"'ating rays for the 

26. The process as claimed in claim 25. in which said colorant is a dye 

stimStil'n^^rergtrof'lirs'm^^^^^^^ T" T^''' -9'°" °^ 

^ Of emission wavelength of Z SZlSte phosphor ^""^""^ ^9'°" 

com^Ssi^gTSlX^^^^^^^^^ Which has a phosphor layer 

materials containing stimulable DhoroSsTmT.n h * . «'"^ ^* phosphor layer-forming 

Sheet in such a mLneTS thfSril 1 ! IT^*^'^ '"^ ^ multi-layer 

Phosphor, and sinter^g hrmoWeS^p^^^^^^^ °''T °' ^'^"^^^^^ °^ ^"'^"'^ble 

relative density of each laylr becomino^^^^^^ h^H °' °' '^V^^s. the 

00 ^ oecoming large in the direction perpend cuJar to the oanel niano 

layer. ^''^ ''"^'^ laminated to obtain a molded product of multi- 

«?rsru.S^^^^^^^ -terials are disper^on 

substrate in a superposed fLS,o;y:ard:?prruJr:f'^^^^^^^^^^^ simultaneously applied on a 
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32. The process as claimed in claim 28. in which said phosphor layer-forming materials are powder 
materials comprising the stimulable phosphors, and the powder materials are charged into a molding tool 
one after another to obtain a molded product of multi-layer. 

33. A process for the preparation of a radiation image storage panel which has a phosphor layer 
comprising a stimulable phosphor, which comprises steps of molding at least two phosphor layer-forming 
materials containing stimulable phosphors and furlther additives of different kinds and/or in different 
amounts including O from each other into a multi-layer sheet, and sintering the molded product to form a 
phosphor layer composed of at least two layers, the relative density of each layer becoming large in the 
direction perpendicular to the panel plane. 

34. The process as claimed in claim 33. in which said phosphor layer-forming materials containing 
additives in amounts different from each other are molded into the sheet in such a manner that the 
materials are arranged in order of the amount of the additive. 

35. The process as claimed in claim 33, in which s^iid phosphor layer-forming materials are two, which 
contain divalent europium activated alkaline earth metal fluorohalide phosphors and one- of which further 
contains alkali metal halide. 

36. The process as claimed in claim 35, in which said alkali metal halide is contained in the phosphor 
layer-forming material in an amount of 0.01 - 10 % by weight of the phosphor. 

37. The process as claimed in claim 33. in which said phosphor layer-forming materials are dispersions 
containing the stimulable phosphors and binders, and the dispersions are respectively applied on a 
substrate to form dried films and then the dried films are laminated to obtain a molded product of multi- 
layer. 

38. The process as claimed in claim 33, in which said phosphor layer-forming material are dispersions 
containing the stimulable phosphors and binders, and the dispersion are simultaneously applied on a 
substrate in a superposed form to obtain a molded product of multi-layer. 

39. The process as claimed in claim 33, in which said phosphor layer-forming materials are powder 
materials comprising the stimulable phosphors, and the powder materials are charged into a molding tool 
one after another to obtain a molded product of multi-layer. 
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® Radiation image storage panel and process for tiie preparation of the same. 



® A radiation image storage panel comprising a 
pliosphor layer which comprises a stimulable phos- 
phor, in which said phosphor layer consists essen- 
tially of a sintered stimulable phosphor and has a 
relative density of not less than 70 %. Processes for 
the preparation for the same are also disclosed. 
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